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We have previously reported a molecular and cytogenetic characterization of three different 5S rDNA clusters in 25 the sea urchin Paracentrotus lividus and recently, demonstrated the presence of high heterogeneity in functional 26 5S rRNA. In this paper, we show some important distinctive data on 5S rRNA transcription for this organism.
27 Using single strand conformation polymorphism (SSCP) analysis, we demonstrate the existence of two classes 28 of 5S rRNA, one which is embryo-specific and encoded by the smallest (700 bp) cluster and the other which is 29 expressed at every stage and encoded by longer clusters (900 and 950 bp). We also demonstrate that the 30 embryo-specific class of 5S rRNA is expressed in oocytes and embryonic stages and is silenced in adult tissue 31 and that this phenomenon appears to be due exclusively to DNA methylation, as indicated by sensitivity to 5-32 azacytidine, unlike Xenopus where this mechanism is necessary but not sufficient to maintain the silenced status Q3 . [10] [11] [12] [13] [14] [15] [16] [17] [18] , and functional analysis of their transcripts [19, 20] . 44 Genomic 5S ribosomal DNA (rDNA) is in the majority of living organ- 
Q4
. The 5S rRNA-transcribed region, in contrast,
53
shows a high degree of homology between organisms belonging to 54 unrelated taxa (for example, over 80% in sea urchins and humans) 55 [19, 20] .
56
Also remarkable are the conserved secondary structures formed by 57 these molecules in different taxa, which are always referable to RNA 58 with five stems and five loops. During evolution, mutations are con-59 served only if the secondary structure and the functional nucleotides 60 are maintained [19] . The coexistence of more than one 5S rDNA cluster 61 in the same genome, varying in NTS length and sequence (and not 62 only), is extremely interesting and can be seen as evidence of the dyna-63 mism of these genes [21] .
64
Although 5S genes are among the most extensively studied genes, 65 little data is available on sea urchins, on which only studies of the struc-66 ture and/or localization of these genes are conducted. [22] [23] [24] [25] . In the sea 67 urchin Paracentrotus lividus, the copy number of 5S rDNA is 120-130 68 units for the haploid genome [26] . In our laboratory, we have demon- additional CT di-nucleotide repeats, whereas the shorter repeat 78 (700 bp) exhibits a spacer sequence which diverges completely from 79 the longer repeats [24] .
In a recent paper, we have also demonstrated the existence of five 5S rRNA" and all minor variants are exclusively associated with the 90 700 bp cluster through SSCP analyses [25] .
91
In this paper, using SSCP analysis, we report the identification of two 92 classes of 5S rRNA, encoded by these three clusters with a different 93 stage-specificity, in the sea urchin P. lividus.
94
We also show that the expression of the 700 bp cluster is associated 
Results
98
To discriminate between the different 5S rRNA forms of sea ur-99 chin P. lividus, we used the SSCP protocol described in Materials 100 and methods which proved ideal for this analysis, as demonstrated 101 in a recent published paper [25] . SSCP is a technique that permits Table 1 ). In contrast, our analysis 126 of the 700 bp cluster showed a high methylation state exclusively in 127 adult tissue. In the DNA of adult tissue, we found a hypermethylation 128 status in the transcribed sequence and spacer region; indeed, the cyto-129 sines were methylated in specific positions in 95% of cases. In the 130 same positions we found only 5% of methylation in DNA extracted 131 from oocytes and embryos (see Table 1 and Fig. 2 ). The silenced status 132 of the 700 bp cluster seems to be correlated to methylation status.
133
To test whether the silenced status is really correlated with methyl- (Table 2) .
143
The results of the SSCP analysis carried out on eluted RT-PCR prod- Table 3 . 
Discussion
155
In a previous paper, we showed the characterization of three 5S 156 rDNA clusters (700 bp, 900 bp and 950 bp respectively) in the sea ur-157 chin P. lividus and demonstrated that these clusters were mapped in dif-158 ferent chromosomal loci [24] . The existence of a cluster that exhibited ternative way to interpret these data is to hypothesize that the cluster 163 synthesizes its product in a specific developmental stage only, in a sim-164 ilar manner to Xenopus [31] . Indeed, in a recent paper describing a study 165 of the sea urchin P. lividus, we demonstrated not only that all clusters are 166 transcribed, but also that the 700 bp cluster exhibited a high level of 167 heterogeneity in terms of sequence [25] . We also demonstrated that a 168 regulation exists during the developmental stage and in adult tissue, 169 as reported in Xenopus laevis [31] [32] [33] [34] . In this organism, in particular, ants are substituted by somatic-specific ones.
178
In contrast, in the sea urchin P. lividus we found an "embryo-specific" 179 cluster (the 700 bp rDNA cluster). Indeed, we observed "700 bp 5S rRNA" 180 variants (major and minor transcripts) only in oocytes, and in all early Fig. 2 . Schematic drawing of methylation positions of 5S rDNA clusters. The transcribed region of 5S rDNA is indicated in black, the non-transcribed spacer (NTS) is indicated in gray.
stages (through at least the pluteus stage). In contrast, the "900/950 bp 5S Table 2 ), we obtained a reactivation onstrate by the sequencing analysis of RT-PCR performed by ribosome Fig. 3 . SSCP analysis of RT-PCR performed on RNA extracted from cultured coelomocytes treated with 5-azacytidine (1 μM, 2 μM, 5 μM and 10 μM) and related control (untreated). dsDNA indicates the double strand form of 5S rDNA re-annealed. Table 3 t3:1 t3:2 Percentage of clones of all 5S rRNA sequences found in untreated and treated coelomocytes t3:3 (5-azacytidine 10 μM). In brackets are indicated the number of found clones. MT is the t3:4 acronym used for the three minor transcripts. Percentage of 700 bp DNA methylation observed in coelomocytes treated with 10 μM 5-azacytidine and referred to the same positions analyzed in untreated ones (*, CpG site; #, CHG site; 
isolated from untreated and 5-AZA-treated ceoleomocytes (see 226   Table 3 ). Finally, our findings underline the epigenetic similarity of 227 these features as they occur in mammals and consequently the differ-228 ence from other organisms, in particular in X. laevis, where gene silenc-229 ing seems to be mainly due to selective synthesis of the specific H1 230 histone variant [32] . DNA and RNA were extracted using the procedure described below. In the sequencing analysis of amplified clusters, which was carried out 270 as described previously, the uracils were read as thymines. 
Nucleic acid isolation
272
Genomic DNA was extracted as described previously from oocytes, as previously described [40] . RNA from ribosomes was extracted by acid 281 guanidinium-thiocyanate-phenol-chloroform extraction [41] . The RNA 282 was quantified by the spectrophotometer "Life Science UV/Vis Spectro- Table 2 ) as a primer. Retro-transcription reac-289 tion was performed using SuperScript™ II Reverse Transcriptase in 290 accordance with the instructions of the manufacturer (Invitrogen™).
291
The cDNA was precipitated with ethanol at −20°C for 20 min, and 292 then pelleted using centrifugation at 12,000 rpm for 15 min [42] . 
300
The transcribed regions were amplified using Cod5S dir and Cod5S 301 rev, while specific repeating units (for methylation analyses) were am-302 plified using the same direct primer (Cod5S dir) and, as the reverse pro-303 cess, a cluster-specific primer (700 bp-rev, 900 bp-rev or 950 bp-rev) 304 (Table 4) Q8 .
305
All of the oligonucleotides used are listed in Table 2 , and were built 306 on the 5S rRNA gene sequence of the sea urchin P. lividus (EMBL-Bank 307 accession numbers AJ417697, AJ417698 and AJ417699). PCR conditions 308 for all amplifications were as follows.
309
The reaction was initially denatured at 95°C for 2 min, and followed Amplified fragments were fractionated using the modified voltage 318 gradient gel electrophoresis (VGGE) technique [43] and then eluted as 319 described elsewhere [44] . 
